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0.0 Executive Summary 

Floods, high winds, extreme cold / winter storms, tornadoes and other uncontrollable natural 

disasters threaten to disrupt the electrical system in Kentucky. Therefore, it is imperative to plan 

and design for operational flexibility. One strategy in light of these threats is the deployment of 

site-specific nanogrids1 and regional community microgrids2 to provide electrical service to 

critical infrastructure and reduce the impact on the community in high-risk areas. The Kentucky 

Office of Energy Policy (ñOEPò) contracted with the Smart Electric Power Alliance (ñSEPAò) to 

conduct a microgrid study to identify opportunities for deploying microgrids to increase the 

overall resilience for the state of Kentucky. It is anticipated the study results will facilitate private 

sector and local government with identifying resilience funding opportunities and mitigation 

planning purposes.   

 

The study methodology included four steps to identify potential microgrid deployments for 

critical facilities to increase the state-wide resilience in Kentucky against natural hazards: 

1. Landscape Review - Stakeholder engagement to identify prioritization around critical 

facility types and natural hazards. 

2. Data Collection ï Data collection to determine state-wide factors of siting and designing 

potential microgrids, such as load profiles, reliability hotspots, distribution of critical 

facilities and natural hazards, population density, and energy burden. 

3. Site Selection ï Based on selection criteria, identification of specific facilities 

(nanogrids) and clusters of facilities (regional community microgrids) where microgrids 

are suited to provide resilience. 

4. Deployment Strategy ï Sizing, cost estimates, and possible microgrid deployment 

strategies to increase resilience. 

 

Possible implementation sites for deployment incorporated a preliminary prioritization that 

began with identifying critical infrastructure facilities and was refined by taking into consideration 

a number of selection criteria including: 

ǒ Critical infrastructure facility type ï Assessment of the criticality of services each 

facility type provides to the public and state.  

ǒ Geographical proximity ï Identification of critical infrastructure facilities, of the same 

type, within close proximity to other potential microgrid deployment sites. The relative 

                                                
1 A ñnanogridò is a small electric domain connected to the electric power grid and composed of a 
controller, loads (generally less than 100 kW), storage (optional), distributed generation, and gateways. 
Nanogrids are limited to one structure or primary load and have the ability to island from the grid and 
provide energy self-sufficiency. ï Lawrence Berkley National Labs (LBNL), Nanogrids: Evolving our 
electricity systems from the bottom up (2010). 
2 A ñmicrogridò is a group of interconnected loads and distributed energy resources (DERs) within clearly 
defined electrical boundaries that acts as a single controllable entity with respect to the grid. Microgrids 
can connect and disconnect from the grid to enable it to operate in both grid-connected or island-modes. 
ï U.S. Department of Energy (DOE), The U.S. Department of Energyôs Microgrid Initiative (2012). 

http://assets.fiercemarkets.net/public/smartgridnews/Smart_Grid_News_-_LBNL_Nanogrid_Report.pdf
http://assets.fiercemarkets.net/public/smartgridnews/Smart_Grid_News_-_LBNL_Nanogrid_Report.pdf
https://www.energy.gov/sites/prod/files/2016/06/f32/The%20US%20Department%20of%20Energy%27s%20Microgrid%20Initiative.pdf
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distance between potential sites was used to identify clusters of closely grouped 

facilities. 

ǒ Areas at high risk of natural hazard ï Analysis of geographic areas at highest risk of 

being affected by a natural hazard. Natural hazards, which pose catastrophic threats, 

are grouped in Tier 1 and hazards, which pose non-catastrophic threats, are grouped in 

Tier 2. Priority was given to critical infrastructure facilities outside of Tier 1 and Tier 2 

hazard areas.  

ǒ Reliability hotspots ï Prioritization of potential sites located within areas identified as 

having reliability issues. 

ǒ Population density ï Assessment of the population by county and urban areas to 

determine where grid support from a microgrid would be most impactful in the event of 

an outage. 

ǒ Energy burden / underserved areas ï Consideration of the energy burden by county to 

determine areas that are most underserved and therefore, where a microgrid would 

support equity in grid reliability. 

 

SEPA evaluated two specific deployment strategies to harden portions of Kentuckyôs electrical 

system, particularly those serving critical infrastructure and loads: 

 

1. Nanogrid installations at individual critical facility infrastructure sites (e.g. healthcare 

facilities, water treatment plants, law enforcement facilities, grocery stores, etc.) enabling 

the facility to operate in isolation and provide much-needed services to Kentucky 

communities after a natural disaster. The installation of onsite backup generation, solar 

PV and battery storage at strategically located sites can create a series of self-powered 

centers to help the local communities recover in the immediate aftermath of a natural 

disaster. 

2. Regional community microgrids serving multiple critical facility loads within a close 

geographic area could also operate in isolation and provide much-needed services to 

Kentucky communities at a large-scale after a natural disaster. The installation of onsite 

backup generation, solar PV and battery storage could help these communities recover 

quicker from natural disasters. 

 

SEPA identified 558 potential nanogrid installations and 12 potential regional community 

microgrids. Maps of potential nanogrid and regional community microgrid deployments are 

included below in Figure 3.1 and Figure 3.4. 
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Figure 3. 1 - Selected Nanogrid Deployment Locations 

 
Source: Smart Electric Power Alliance, 2021 

 

 Figure 3. 4 - Selected Regional Community Microgrid Locations 

 
Source: Smart Electric Power Alliance, 2021 
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The nanogrid and regional community microgrid deployment strategies are not mutually 

exclusive and are encouraged to be used by stakeholders to develop a variety of deployment 

plans to achieve their desired objectives.  

 

Figure 4.2 provides an illustrative example of how the two deployment strategies can be used 

together to achieve state-wide resilience. In this example, SEPA used a combination of site-

specific nanogrids and regional community microgrids to ensure all eleven types of critical 

facilities are represented in each of the regions.3  

 

 

Figure 4. 2 - Representative Nanogrid & Regional Community Microgrid Deployment 
Strategy 

 
Source: Smart Electric Power Alliance, 2021 

 

 

                                                
3 Note: Due to the limited number of national defense facilities, those types of facilities are not 
represented in each region.  
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The nanogrid and microgrid systems are sized for typical daily operations, leveraging standby 

backup generation and the dispatch of solar and battery storage. Selected sites and capital cost 

estimates4 for the potential deployments are shown in Table 4.1 and 4.12 below. 

 

Table 4.1 - Nanogrid Deployment Strategy Capital Cost Estimates 

Critical Infrastructure Facilities 
Fossil Fuel Only Design 

Cost 
Moderate Renewables 

Design Cost 

Facility Type 
# Sites 

Selected 
Per facility (thousands) 

Per facility 
(thousands) 

Cell Towers 56 $5 - $8 $86 - $97 

Hospitals 26 $861 - $1,378 $10,703 - $12,260 

Nursing Homes 32 $17 - $28 $203 - $235 

Water Treatment Plants 44 $10 - $17 $239 - $272 

Wastewater Treatment 
Plants 

50 $10 - $17 $239 - $272 

National Defense Facilities 5 $5 - $8 $43 - $51 

Law Enforcement Facilities 42 $7 - $11 $98 - $113 

Fire Stations 90 $12 - $19 $166 - $192 

Emergency Operations 
Centers 

33 $7 - $11 $78 - $90 

Gas Stations 110 $10 - $17 $176 - $201 

Grocery Stores 70 $12 - $19 $153 - $177 

Source: Smart Electric Power Alliance, 2021. 

 

 

 

 

 

                                                
4 Cost estimates do not include added costs associated with electrical reconfiguration as a microgrid if the 

clustered facilities are not all on the same electrical circuit. 
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Table 4.12 - Summary of Regional Community Microgrid Cost Estimates 

Regional Community Microgrids 
Fossil Fuel Only 

Design Cost 
Moderate Renewables 

Design Cost 

Microgrid 
# Critical Facilities 
within Microgrid 

Cost (thousands) Cost (thousands) 

1 - Jefferson County 
Community Microgrid 

5 $537 - $894 $8,798 - $9,940 

2 - Clay County Community 
Microgrid 

4 $1,141 - $1,931 $11,012 - $12,616 

3 - Knox County 
Community Microgrid 

4 $1,148 - $1,943 $11,116 - $12,732 

4 - Marion County 
Community Microgrid 

4 $43 - $72 $750 - $856 

5 - Crittenden County 
Community Microgrid 

5 $45 - $75 $667 - $766 

6 - Washington County 
Community Microgrid 

8 $63 - $106 $1,191 - $1,352 

7 - Hopkins County 
Community Microgrid 

4 $25 - $42 $367 - $420 

8 - Allen County Community 
Microgrid 

5 $38 - $64 $724 - $823 

9 - Carlisle County 
Community Microgrid 

4 $30 - $50 $548 - $622 

10 - Marshall County 
Community Microgrid 

4 $28 - $47 $614 - $693 

11 - Bell County Community 
Microgrid 

5 $42 - $69 $659 - $754 

12 - McLean County 
Community Microgrid 

4 $38 - $64 $615 - $704 

Source: Smart Electric Power Alliance, 2021. 

 

This study develops the groundwork for utilities, local and state governments, and other industry 

stakeholders to move from planning to the implementation phase of microgrid development.  

These next steps may include conducting design and engineering work of the selected sites and 

applying for FEMA and other funding to construct and install the microgrids.  Additional potential 

next steps to build upon this microgrid study is to conduct further circuit, financial, and benefit-

cost analysis of particular sites. A key component of all microgrid development and 

implementation is comprehensive engagement with public and community stakeholders to 

facilitate the projectôs success. 
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1.0 Introduction 

The potential deployment of microgrids has emerged as a shared point of action for increasing 

the overall resilience of the electric power grid and for broader efforts of natural disaster 

mitigation planning. 

 

The objective of this analysis is to outline natural disaster outage risk and the ability to 

strategically deploy microgrids to provide enhanced resilience to critical infrastructure across the 

state. This study will help local governments and the private sector to identify potential microgrid 

deployment strategies for local energy emergency planning and increased resilience.  

 

Natural disaster and extreme weather events have increased in both frequency and magnitude 

over the past several years. In 2020, there were 22 natural disaster events in the United States 

each causing losses of over $1 billion dollars. This marks the sixth consecutive year with at 

least ten such events. These trends hold true in Kentucky as well which has been increasingly 

affected by natural disaster and extreme weather events. From 2000 to 2019, the state has 

been affected by 43 of these billion-dollar extreme weather events, spending an estimated $500 

million to $1 billion per year.5 

 

Figure 1. 1 - Kentucky Billion-Dollar Disasters 

 
Source: Climate Central, Billion-Dollar Disasters by Decade - Kentucky (2020) 

 

This is an increase from just 20 such events from 1980 to 1999 costing $250 million to $500 

million per year.6  A major contributor of this economic loss is power outages.  National power 

outage data suggests a 67% increase in outages from weather-related events since 2000.  

Kentucky also has witnessed an increase in extreme weather-related power outages in recent 

years. 

                                                
5 Note this reflects the summation of billion-dollar events that affected Kentucky. It does not mean that the 
state suffered $1 billion in losses for each event. 
6 NOAA National Centers for Environmental Information (NCEI), U.S. Billion Dollar Weather and Climate 
Disasters (2021). 

https://medialibrary.climatecentral.org/resources/billion-dollar-disasters-by-decade-2020
https://www.ncdc.noaa.gov/billions/
https://www.ncdc.noaa.gov/billions/


 

 

8 
 

 

Figure 1. 2 - U.S. Power Outage Events 

 
Source: Climate Central, Power Outages (2020)  

 

Microgrids can be a useful tool for increasing the resilience of the electric power grid in the 

event of power outages due from a natural disaster or extreme weather event. By definition 

microgrids are localized grids made up of distributed energy resources (DERs) that can connect 

and disconnect from the traditional power grid to serve multiple entities (or loads).7  

 

Figure 1. 3 - Typical Microgrid Components 

 
Source: Smart Electric Power Alliance, 2020 

 

The primary value of a microgrid as it relates to resilience is its ability to ñislandò, or disconnect 

from the traditional power grid, and operate independently during a grid outage or disturbance.8 

When strategically located, this function enables microgrids to provide increased resilience to 

critical facility infrastructure in the event of a natural disaster or extreme weather event. 

                                                
7 U.S. Department of Energy (DOE), DOE Microgrid Workshop (2011). 
8 Smart Electric Power Alliance, The Microgrid Playbook: Community Resilience for Natural Disasters, p. 
5 (2020). 

https://www.climatecentral.org/gallery/graphics/power-outages#:~:text=Climate%20Central%20updated%20an%20analysis,weather%2Drelated%20events%20since%202000.&text=The%20largest%20increases%20in%20outages,and%20the%20Southern%20Great%20Plains
https://www.energy.gov/sites/prod/files/Microgrid%20Workshop%20Report%20August%202011.pdf
https://sepapower.org/resource/the-microgrid-playbook-community-resilience-for-natural-disasters/
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As part of the Disaster Recovery Reform Act of 2018, the Federal Emergency Management 

Agency (FEMA) was authorized to develop and implement the Building Resilient Infrastructure 

and Communities (BRIC) grant program.9 The BRIC program is designed to promote a national 

culture of preparedness through supporting states, local governments, tribes, and territoriesô 

hazard mitigation projects.10 FEMA has been authorized to set aside 6 percent of the aggregate 

post disaster federal grants provided each year to fund the program.11 In 2020, total BRIC 

funding was $500 million representing a significant opportunity for Kentucky to apply for grants 

to implement microgrid projects from the sites identified in this study. Funding can be leveraged 

by state and local government entities for technical assistance such as partnership 

development, project scoping, and mitigation planning to progress microgrid projects from 

concept to implementation. 

 

Analysis in this study includes the prioritization of several critical infrastructure facilities 

throughout Kentucky. Critical infrastructure facilities were prioritized based on input from 

multiple stakeholders (see Table 1.1 - List of Stakeholders) and coordinated with FEMAôs 

designated Community Lifelines and Kentucky Power Companyôs tiered outage restoration 

priorities.   

ǒ Communications facilities 

ǒ Hospitals 

ǒ Nursing facilities 

ǒ Water treatment plants 

ǒ Wastewater treatment plants 

ǒ National defense facilities 

ǒ Law enforcement facilities 

ǒ Fire stations 

ǒ Emergency operations centers 

ǒ Gas stations 

ǒ Grocery stores 

ǒ Natural gas underground storage facilities 

ǒ Petroleum terminals. 

 

The study evaluated 6,640 critical infrastructure facilities for potential microgrid sites.  SEPA 

conducted the evaluation using a set of site-selection criteria to meet the following objectives: 

1. To identify microgrid sites that can support the grid where it is needed most while 

protecting the technology from natural hazard-induced damage, and  

2. To ensure that highly populated areas and underserved communities, the most 

vulnerable areas of the state, have access to essential services during power outages. 

 

Based on this set of site-selection criteria, SEPA identified 558 potential nanogrid deployments 

and 12 potential regional community microgrid deployments. 

                                                
9 Federal Emergency Management Agency (FEMA), Disaster Recovery Reform Act (DRRA) (2019) p. 6 
10 FEMA, Building Resilient Infrastructure and Communities (BRIC) (2020)  
11 FEMA, Disaster Recovery Reform Act (DRRA) (2019) p. 6 

https://www.fema.gov/sites/default/files/2020-07/fema_DRRA-annual-report_2019.pdf
https://www.fema.gov/grants/mitigation/building-resilient-infrastructure-communities
https://www.fema.gov/sites/default/files/2020-07/fema_DRRA-annual-report_2019.pdf
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As part of the analysis, this study contains a breakdown of the economic impacts of the different 

approaches to strategically deploy microgrids for increased resilience against natural hazards 

and extreme weather events.  

 

Table 1. 1 - List of Stakeholder Organizations 

Stakeholder Organizations 

American Electric Power Kentucky 

Duke Energy Kentucky 

Kentucky Division of Water 

Kentucky Emergency Management 

Kentucky Environmental Response Team 

Kentucky Geological Survey 

Kentucky Office of Energy Policy 

Kentucky Petroleum Marketers Association 

Kentucky Public Service Commission 

Kentucky Retail 

Louisville Gas & Electric Kentucky Utilities 

National Rural Electric Cooperative Association (NRECA) 

 

Sections of this study are broken down into the following assessment components used to 

develop this microgrid study: 

ǒ Data Collection 

ǒ Site Selection 

ǒ Preliminary Analysis and Deployment Strategies  
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2.0 Data Collection 

Analysis in this study was developed based on data collected by SEPA in the four following 

areas.  

ǒ Population / Demographics 

ǒ Critical Infrastructure Facilities  

ǒ Natural Hazards 

ǒ Utility & Electricity 

 

Utilizing and modifying existing databases, SEPA conducted a primary geospatial assessment 

of the current risks to the grid and potential sites to evaluate microgrid deployment. Results of 

this primary assessment were presented to OEP and a group of stakeholders to prioritize critical 

facility infrastructure and natural hazards for the site selection process. The repeated process of 

criteria selection, data collection, and stakeholder review and re-prioritization effectively primed 

a site selection process that incorporated SEPAôs 5 Step Microgrid Approach,12 FEMAôs BRIC 

Project guidelines,13 and the state of Kentuckyôs unique needs. 

 

The following sections provide an overview of the data collection methodology.  For more 

information of the data collection methodology and results, see Appendix 1: Detailed Data 

Collection Methodology 

Population / Demographics 

Areas of high population density and underserved communities throughout the state were 

assessed in order to support grid resilience in an equitable way. To evaluate these factors, data 

was collected from the 2010 U.S. Census, the Kentucky Atlas and Gazetteer, and U.S. DOE 

Low-Income Energy Affordability Data Tool (LEAD). 

Critical Infrastructure Facilities 

Collaboration with stakeholders informed the selection of the types of critical facility to assess as 

part of the microgrid site selection process. Datasets were curated for communications facilities, 

hospitals, nursing homes, water treatment plants, wastewater treatment plants, national defense 

facilities, law enforcement facilities, fire stations, emergency operations centers, gas stations, 

grocery stores, natural gas underground storage facilities, and petroleum terminals. With the 

exception of natural gas underground storage facilities and petroleum terminals, all of the 

aforementioned facilities were considered for microgrid solutions. 

 

Table 2.1 below provides an overview of the data collected for each of these facility types. 

Details on the data sets for each of the above facilities is included in Appendix 1: Detailed Data 

Collection Methodology.  

                                                
12 SEPA, The Microgrid Playbook: Community Resilience for Natural Disasters (2020) p. 11 
13 FEMA, When You Apply for Building Resilient Infrastructure and Communities (BRIC) Funds (2020) 

https://sepapower.org/resource/the-microgrid-playbook-community-resilience-for-natural-disasters/
https://www.fema.gov/grants/mitigation/building-resilient-infrastructure-communities/when-apply
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Table 2.1 - Critical Infrastructure Facilities Data Collection Summary 

Facility  Data Source Key Stats Notes 

Communication 
Facilities 

HIFLD 1,234 total Clusters of sites exist in more densely 
populated counties 

Hospitals OEP 137 total More sites exist in densely populated 
counties. 

Nursing Homes OEP 379 total More sites exist in densely populated 
counties. 

Water Treatment 
Plants 

KyGovMaps Open 
Data 

213 total Sites are mostly uniformly distributed 
across the state. 

Wastewater 
Treatment Plants 

KyGovMaps Open 
Data 

240 total Sites are mostly uniformly distributed 
across the state. 

National Defense 
Facilities 

Data Axle 46 total Most sites are located in densely 
populated counties. 

Law Enforcement 
Facilities 

OEP and HIFLD 484 total Clusters of sites exist in more densely 
populated counties. 

Fire Stations OEP and HIFLD 1103 total Clusters of sites exist in more densely 
populated counties. 

Emergency 
Operations 
Centers 

HIFLD 142 total Sites are distributed uniformly across 
the state. 

Gas Stations Data Axle 1973 total Clusters of sites exist in more densely 
populated counties. 

Grocery Stores Data Axle 1273 total Clusters of sites exist in more densely 
populated counties. 

Natural Gas 
Underground 
Facilities 

EIA 23 total Most sites are located in central 
Kentucky. 

Petroleum 
Terminals 

HIFLD 31 total Clusters of sites exist in more densely 
populated counties. 

Source: Smart Electric Power Alliance, 2021 

Natural Hazards 

Hazards that pose significant threats to grid reliability were identified through collaboration with 

stakeholders. Those hazards were grouped into two categories based on the severity of their 

potential impact to grid infrastructure:  
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ǒ Tier 1 Hazards: consists of hazards that, should they occur, would cause complete 

destruction to an area and should be avoided completely when evaluating locations for a 

microgrid placement. These hazards include earthquakes, landslides, karst, mine 

subsidence, and wildfires.  

ǒ Tier 2 Hazards: consists of hazards that are non-catastrophic but still pose threats to 

energy infrastructure. These hazards include flooding, extreme cold and winter storms, 

wind, and tornadoes.  

 

Data for these hazards was collected from sources referenced in their corresponding risk 

assessment, conducted as a part of the 2018 Kentucky Hazard Mitigation Plan. 

 

The following sections provide a summary of Tier 1 and 2 natural hazards across the state.  For 

more detailed descriptions of Tier 1 and 2 hazards, which regions of Kentucky are most 

susceptible to risk of these hazards, and additional guidance on siting microgrids effectively to 

mitigate against these hazards, see Appendix 1: Detailed Data Collection Methodology. 

Tier 1 Hazards 

The data collected for Tier 1 Hazards was used to evaluate areas that would pose serious 

threats to microgrid technology, and therefore not be suitable for siting a microgrid. The dark 

areas seen in Figure 2.1 below indicate areas that are highly susceptible to Tier 1 natural 

hazards. 
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Figure 2. 1 - Areas at High Risk of Tier 1 Hazards 

 
Source: Smart Electric Power Alliance (2021) based on data provided by Matt Crawford, a Kentucky Geological 

Survey scientist with the University of Kentucky (2020). 

Tier 2 Hazards 

The data collected for Tier 2 Hazards was used to evaluate disruption-prone areas that may 

cause damage to energy infrastructure. Figure 2.2 below shows areas that are highly 

susceptible to Tier 2 natural hazards.  








































































































































































